An efficient pyrene-Schiff base fluorescent sensor PySb was synthesized and evaluated for its fluorescence response to metal ions. Sensor PySb exhibits an "off-on-type" mode with high selectivity to Zn 2+ and Al 3+ in ethanol (470 nm) and in dimethyl sulfoxide (458 nm) respectively. The originally non-fluorescent PySb, due to photo-induced electron transfer (PET) from imine moiety, is turned on after binding with the cations. The stoichiometric ratio between PySb and Zn 2+ is 1:2; moreover, the limit of detection (LOD) and bonding constant were 2.39 × 10 −8 M and 2 × 10 9 M −1 respectively, as obtained from titration experiments.
Introduction
Zinc ion has been known as the second most abundant transition metal ion in human body. While most zinc ions are tightly bound in proteins, a small amount of free Zn 2+ ions is presented in various human tissues [1] [2] [3] [4] [5] . Some neurologic diseases are found to associate with free Zn 2+ . For instance, the abnormal accumulation of Zn 2+ is found in patients with Alzheimer's disease [6] .
Moreover, Zn 2+ plays an important role in the regulation of apoptosis (programmed cell death) [7] . Aluminum is the third most abundant element in earth's crust, and it is the most abundant metal on earth. High concentration of aluminum in soils may lead to environmental issues such as acid soils [8] [9] . In human body, aluminum is known to associate with the development of Alzhei-mer's disease and Parkinson's disease [10] [11] [12] . Therefore, the development of Zn 2+ and Al 3+ sensors for environmental and biological monitoring is critical.
Compare to traditional detection methods such as atomic absorption spectroscopy, electrochemical sensor, and inductively coupled plasma atomic emission spectrometry, fluorescent sensors have become a popular tool for the detection of metal ions due to their simple operating processes [13] [14] [15] .
Schiff base moieties have been extensively applied as ionophores in fluorescent sensors due to their ability to form coordination complexes with metal ions [16] [17] [18] . Some fluorescent sensors based on Schiff base moieties have been synthesized to detect Zn 2+ [19] [20] [21] or Al 3+ [22] [23] [24] . However, only a few sensors demonstrated fluorescence responses toward multiple metal ions.
Besides, some of these sensors exhibited responses toward multiple metal ions simultaneously [25] [26] . Therefore, it is highly desirable to synthesize fluorescent sensors with specific responses toward multiple metal ions.
In this work, a novel fluorescent sensor PySb was synthesized and characterized. Fluorescent pyrene moiety was selected as fluorophore to enhance sensi- 
Experimental

Materials and Measurements
All the reagents and solvents were purchased from commercial sources and were used without further purification. were measured on a Heraus CHN-Rapid elemental analyzer. The UV-Vis absorption spectra were recorded on a Jasco V-550 spectrophotometer using a quartz cuvette (path length = 1 cm). Photoluminescence (PL) spectra were recorded on a fluorescence spectrophotometer (Hitachi F-4500) in mixtures of water with appropriate organic solvents.
Synthesis of PySb (Scheme 1)
To a sodium carbonate solution (0.6 M, 2.8 ml) in 50-mL glass reactor was add- butylphosphonium tetrafluoroborate (0.032 g, 0.11 mmol).
Tris(dibenzylideneacetone)dipalladium(0) (Pd 2 (dba) 3 : 57 mg, 0.06 mmol) was dissolved in THF (18 ml) and added into the reactor by a syringe. The mixture was degassed by the freeze-pump-thaw cycle for three times. Next, the mixture was stirred at 65˚C for two days; then it was poured into water and extracted with dichloromethane. The combined organic layer was concentrated under reduced pressure, poured into n-hexane to obtain precipitate as crude product.
The crude product was purified by flash column chromatography (eluent: dichloromethane) to afford 5,5'-(pyrene-2,7-diyl)bis(2-hydroxybenzaldehyde) (3) 
Results and Discussion
Synthesis of Fluorescent Sensor PySb
The new fluorescent sensor PySb was synthesized in two steps as shown in 
Photophysical Properties in Ethanol Buffer Solutions
The absorption spectra of PySb with various metal ions in ethanol buffer solutions For real-time application, it is important to evaluate the interference from other metal ions. As shown in Figure 8 iations of fluorescence spectra of PySb were monitored in mixture solvents of DMF and ethanol. As presented in Figure 9 , the fluorescence intensity at ca. In Figure 11 (b), the fluorescence is still quenched in the presence of Zn 2+ in low pH ranging from 2.0 to 3.0, and it reaches maximum at ca. pH 10.0. This implies that the formation of PySb-Zn 2+ complex is more favorable at moderate high pH and it is inhibited by the protonation of N atom at low pH. As pH reached 12.0, the solution exhibits the same green emission (peak at 515 nm) as the one without Zn 2+ (Figure 11(a) ). The result reveals a competition effect be- 
Photophysical Properties in Buffered DMSO Solution
Next, we investigated the photophysical properties of PySb in DMSO solution.
The absorption spectra [ Figure 13 (about 3 hr). Therefore, the small signal changes are probably due to slow formation of PySb-Al 3+ complex.
Conclusion
An efficient fluorescent sensor PySb comprising of pyrene moiety as the fluorophore, benzene ring as the spacer, and 2-(hydroxymethyl)propane-1,3-diol as the ionophore was successfully synthesized and characterized. The PySb itself exhibited weak fluorescence due to PET mechanism; however, the fluorescence International Journal of Organic Chemistry As illustrated in Figure S4 , by plotting 1 F ∆ against 
